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To understand Galactic objects that emits GeV- TeV emission, a spatial correlation study between 
the Fermi bright source catalog [lj and TeV source population was carried out in Q], finding that 
a significant number of very high-energy (VHE; E>100 GeV) sources are also emitting at GeV 
energies. We extended our previous study utilizing the first Fermi catalog (1FGL) sources A 
cross-correlation comparison of the 1FGL sources was carried out with the VHE 7-ray sources in 
the literature as of May 2011. While it is found that a significant number of VHE 7-ray sources 
were also detected in the GeV band, the GeV- TeV spectra of some of these spatially coincident 
sources cannot be described by a single spectral component. While some of these cases are 7- 
ray pulsars accompanied by VHE 7-ray emitting nebulae, we present cases where the 100 MeV to 
multi-TeV spectra of coincident 1FGL/VHE source pairs do not seem to be well fit by a single 
spectral component. 



I. INTRODUCTION 

During the last decade, many different kinds of 
astrophysical objects in our Galaxy were discovered 
at photon energies above 100 MeV: pulsars (PSRs), 
pulsar wind nebulae (PWNe), supernova remnants 
(SNRs), high-mass X-ray binaries (HMXBs), and 
one H II region. They were all made by utilizing 
the high-energy (HE; 30 MeV-100 GeV) and very 
high-energy (VHE; 100 GeV-100 TeV) 7-ray exper- 
iments including current generation of imaging at- 
mospheric Cherenkov telescopes (IACTs) H.E.S.S., 
MAGIC, and VERITAS, and the Large Area Tele- 
scope (LAT) aboard the Fermi satellite. 

More than 100 sources are now known at VHE 7- 
ray energies and 1451 sources are listed in the first 
Fermi LAT catalog, comparing with ~10 VHE 7- 
ray sources and ^300 HE 7-ray sources around the 
turn of the century. Given the large number of 
sources, we follow previous studies [H, [J and compare 
the HE and VHE source positions, as an important 
step to identify a group of sources emitting both in 
the HE and VHE bands. 



II. SPATIAL COINCIDENCE STUDY 

We cross-correlated the 1FGL source centroid posi- 
tions with VHE 7-ray source centroid positions. Only 
sources that are not associated with an extragalactic 
source were considered. Using the same manner as 
described in Q, the VHE source extent and 95% un- 
certainty in the 1FGL source centroids are taken into 
account. All first Fermi/LAT catalog sources are as- 
sumed to be point sources as in 0] . Those sources with 
an ending 'c' should be regarded with caution given 



the imperfect knowledge of the diffuse 7-ray back- 
ground 0]. In total we identified 31 1FGL sources 
that are spatially coincident with one VHE source. In 
addition, the VHE source in the Westerlund 1 region, 
which are ~0.6° extended, is found to be spatially co- 
incident with three 1FGL sources. HESS J1809-193 
is coincident with two 1FGL sources. The list of these 
1FGL-VHE source pairs are presented in Table fl] 

Based on pulsar timing information and dedicated 
efforts described in the corresponding literature, as 
well as spatial coincidences, the 1FGL sources in the 
list of coincidences include several classes: 2 HMXBs 
(LS I +61° 303 and LS 5039), 8 PSRs, 4 SNRs (IC 443, 
W28, W49B, W51C), 2 PSR/PWN (Crab and Vela), 6 
SNR/PWN candidates, one H II region, and 13 unas- 
siciated sources. 



III. GEV-TEV SPECTRA 

The GeV spectral points are taken from the 1FGL 
catalog where point source analysis was used, while 
the VHE spectra shown are the best-fit power law 
taken from the respective literature. 

We identify several cases of which the 0.1-100 GeV 
spectra and the VHE spectra cannot be described by 
a single spectral components, as shown in Figs 1-5. 
The flux in the five energy bands in 0] are plotted 
together with the best-fit power law in the VHE range. 
In several other cases, the GeV emission come from a 
7-ray pulsar, i.e., those 1FGL source identified as a 
pulsar, that shows cutoff at several GeV and VHE 
emission mostly likely come from the associated VHE 
7-ray emitting PWN. We only present cases where the 
1FGL source is not identified as a pulsar. 



eConf C110509 



2 



201 1 Fermi Symposium, Roma., May. 9-12 



IV. CASES OF SPECTRAL 'MIS-MATCH' 

We found five VHE sources that are spatially 
coincident with a 1FGL source but the GeV-TeV 
spectra are incompatible with a single spectral com- 
ponent: HESS J0852-463, HESS J1614-518, 
HESS J1702-420, HESS J1809-193, and 
HESS J1848-018. The cases presented here 
might represent a group of GeV/TeV sources where 
the spectral mis-matches indicate different radiations 
working at different energies or that radiation comes 
from different parts of a 7-ray source. Further studies 
of these spectral mis-match GeV/TeV spatially 
coincident cases are encouraged. 



sessment using the Fermi bright source list [2j. 

However, the GeV-TeV spectra of some of these spa- 
tially coincident sources cannot be described by a sin- 
gle spectral component. While some of these cases 
are 7-ray pulsars accompanied by VHE 7-ray emit- 
ting nebulae, we highlight five cases where the 100 
MeV to multi-TeV spectra of coincident 1FGL/VHE 
source pairs do not seem to be well fit by a single 
spectral component. 

Notes added in proof: The second Fermi catalog has 
been released after the conference. We note that one 
of the coincidence pairs, 1FGL J1702.4-4147c, does 
not have a 2FGL counterpart. 



V. CONCLUSION 

In this study, it is found that a significant number 
of VHE sources are spatially coincident with a coun- 
terpart in the first Fermi/LAT catalog, establishing a 
population of sources that emit both in the HE and 
VHE energy bands. This confirms our previous as- 
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TABLE I: 1FGL sources with spatially coincident VHE counterpart as of May 2011. The class denoted 'SNR/PWN' means 
SNR/PWN candidates, according to @]. 
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FIG. 1: The 100 MeV to several tens TeV spectra of four spatially coincident but spectrally 'mis-match' 1FGL/VHE 
source pairs 




FIG. 2: The 100 MeV to several tens TeV spectra of 1FGL J1848.1-0145c and HESS J1848-018. 1FGL J1848.1-0145c 
has a 0FGL counterpart whose best-fit power law is also shown. 
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